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Abstract: Competition over land between food and fodder production, along with recurrent droughts
and increasing population, has put mixed crop–livestock farming systems in the drylands of sub-
Saharan Africa under pressure. Dual-purpose crops hold huge potential to ease this pressure and
simultaneously improve food and fodder availability in these systems. We investigated farmers’
preferences for dual-purpose maize, sorghum, and groundnut traits, and analyzed linkages of stated
trait preferences with production of dual-purpose crops and adoption of improved varieties involving
645 households from two districts in Zimbabwe. The three target crops cover more than 75% of
households’ cropping lands. Highly preferred stated traits of dual-purpose crops include yield,
disease resistance, and drought tolerance. Highly appreciated feed attributes encompass stover
yield and digestibility. The adoption of improved varieties is high for maize but low for sorghum
and groundnut. Trait preferences are correlated with the production of dual-purpose crops and the
adoption of improved varieties of the crops. However, the strengths of these correlations differ for
maize, sorghum, and groundnuts. We discuss these linkages and suggest why crop improvement
programs should reconcile trade-offs between grain and feed attributes to support mixed crop–
livestock systems in Zimbabwe successfully.
Keywords: mixed farming system; maize; sorghum; groundnut; dual-purpose crops; trait prefer-
ence; Zimbabwe
1. Introduction
Mixed crop–livestock farming systems dominate smallholder agriculture in many
sub-Saharan African countries [1,2]. Crops provide food and income to households, while
crop residues are an essential fodder source for livestock [3–5]. In return, livestock pro-
vides power and animal traction, livestock manure to increase soil fertility, and livestock
improves the quality of human nutrition. In addition, livestock serves as a buffer against
adverse climatic changes and other disasters. Finally, farmers use livestock sales to smooth
consumption and invest in crop production [6–8]. Therefore, it is hard to imagine farm-
ing without the tight integration of crops and livestock in smallholder agriculture in
sub-Sahara Africa.
Across Africa, smallholder agriculture is confronted with the degradation of natural
resources, such as soils, land, water, and forests [9]. Relatedly, mixed crop–livestock
farming systems are under increasing pressure as a result of intensified competition for land
between crop and livestock production, along with recurrent droughts and an increasing
human population [10,11]. For example, where land allocated by farmers to pasture has
declined over time, feed production is at stake [12]. Because farmers in these systems live
on meager resources and struggle with achieving household food security, much of the
crop production is targeted for food, although crop residues are important livestock feed
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resources [12,13]. Therefore, feeding livestock adequately throughout the year remains a
challenge for many smallholders in sub-Saharan Africa [14,15].
In response to livestock feeding challenges, farmers increasingly look for new options
to improve their crop–livestock enterprises’ productivity and efficiency [16]. One such
option is dual-purpose crops that have a high potential to mitigate the land competition
between food and feed through simultaneously enhancing grain yields and the availability
and quality of livestock feed [15,17–19]. Compared with grain-only crops, dual-purpose
crops help to improve the profitability, environmental sustainability, and resilience of the
whole farm system substantially [6,20]. Dual-purpose crops can also offer great opportunity
for intensifying farming systems.
As elsewhere in Africa, farmers in Zimbabwe rely heavily on mixed crop–livestock ac-
tivities for their livelihood. Amongst the most important dual-purpose crops for farmers are
maize (Zea mays), sorghum (Sorghum Bicolor L. Moench), and groundnut (Arachis hypogaea).
These crops are the most important food crops for most of the country’s predominantly
rural population, while their residues are essential animal feed resources in the mixed
crop–livestock systems [21]. In support of these farmers, most efforts by researchers for
improving the quality of crop residues for feed have considerably focused on post-harvest
interventions [18]. Traditionally, crop improvement programs of the national and inter-
national agricultural research community bred for higher grain yield and resistance to
biotic and abiotic stress of varieties, ignoring biomass and other fodder attributes. How-
ever, recently, these crop improvement programs have shifted the focus to developing
dual-purpose cultivars of maize, sorghum, and groundnuts [22,23].
Despite the recent reorientation of crop improvement programs, farmer adoption of
improved dual-purpose crops is not a given. A farmer’s decision to adopt a new variety
is a complex process governed by social, economic, and technical factors [24,25]. Trait
preferences of farmers further influence adoption, but these are not well documented for
dual-purpose crops [11], and they are hardly available for Zimbabwe. Understanding
farmers’ perspectives and preferences for specific traits of dual-purpose crops is critical to
inform breeding and the targeting and development of improved dual-purpose varieties
by researchers.
In this study, we aim to contribute to the understanding of farmers’ preferences for
attributes of dual-purpose varieties of maize, sorghum, and groundnut and explore how
these preferences are correlated with production of dual-purpose crops and adoption of
improved varieties. We use choice models to evaluate how farmers’ trait preferences and
socioeconomic characteristic affect their production of dual-purpose crops and choice of
crop varieties. The findings of this study will help to bring farmers’ trait preferences and
perspective into the discussion on the potential of dual-purpose crops in dryland systems.
2. Dual-Purpose Crops in Zimbabwe
In Zimbabwe, maize, sorghum, and groundnuts support the integration between crop
and livestock enterprises in various forms, driving the development and research agenda.
Shortage of feed, particularly during the dry season, has long been recognized as one of
the major factors limiting livestock productivity in Zimbabwe [10,26]. This suggests a large
role for dual-purpose crops to play in addressing this challenge in the country.
Previous studies have also documented that dual-purpose cultivars could mitigate
feed shortages by increasing the available feed quantity and quality in the country [27].
The integration of crop and livestock enterprises is expected to enhance general technical
efficiency and improve the input-to-output ratios of water, land, labor, and other inputs in
the system [28]. Additionally, exploiting potential synergies between crop and livestock
production can help farmers use the most of every resource in their mixed farming systems
and avoid less optimal “early specialization” of the systems [28]. Similarly, dual-purpose
crops could improve environmental outcomes and provide ways to mitigate risk and
minimize adverse effects of long-term climate changes [8,20,29]. Dual-purpose crops can
help smallholder farmers deal with trade-offs between competing uses of scarce land for
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food and feed production. This may also help reduce conflicts between crop and livestock
farmers over land resources, especially trespass by nomadic communities.
In Zimbabwe, maize, sorghum, and groundnut are major crops in the mixed crop–
livestock systems. Figure 1 displays the land coverage and production trends for these
crops over the last decade. Maize is an essential crop for food and feeds in Zimbabwean
mixed crop–livestock systems [27]; it is the most widely grown cereal across the country
in all agroecological zones. It accounts for about 80 to 90% of the total cereal area in
Zimbabwe, with the annual area under the crop effectively exceeding one million hectares
over the last ten years. Maize production is mostly rain-fed in Zimbabwe. As a result,
maize production is hampered by frequent dry spells and erratic rainfall due to current
climate change threats [30]. This is evident from Figure 1 as the land coverage and maize
production has declined for the large part of the last decade.
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Over the years, many improved maize, sorghum, and groundnut varieties have been
developed and released in Zimbabwe. Under the Ministry of Agriculture, Mechanization
and Irrigation Development, the Seed Services Institute has registered more than 100 im-
proved and hybrid varieties of maize, about 5 sorghum, and more than 15 groundnuts,
developed for different purposes. Table 1 shows the most widely grown varieties of the
three target crops and a summary of their main characteristics. Nationally, SC 513 is the
most widely grown variety of maize. This is not surprising as it possesses the highly valued
and preferred grain and field attributes by farmers. SC SILA and SC SMILE are the most
preferred sorghum varieties in Zimbabwe, while Macia is an early-maturing variety with a
terminal drought escape mechanism and wide agronomic adaptation. Nyanda and Ilanda
are widely grown groundnut varieties.
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Table 1. Selected widely grown maize, sorghum and groundnut varieties and their associated characteristics in Zimbabwe.
Variety Local Name ReleaseYear Main Preferred Trait(s) Non-Preferred Trait(s)
Maize
SC 513 Mbizi 1999 Yield, earliness, drought tolerance Susceptible to ear rots, maizestreak virus
SC 403 Tsoko 1998 Earliness, drought tolerance Susceptible to ear rots
PAN 53 PAN 53 2007 Appeal, nitrogen use efficiency,drought tolerance Susceptible to maize streak virus
SC 727 SC 727 2010 Yield, wide-area adaptability,drought tolerance Open tips, susceptible HT
PHB 30G19 PHB 30G19 2008 Drought tolerance, high bulkdensity Susceptible to maize streak virus
SC 719 SC 719 2004 Yield, wide-area adaptability,biomass yield, drought tolerance High ear placement
Sorghum
SC SILA SC SILA 2004 Yield, grain color Bird damage (highly preferred bybirds)
SC Smile SC Smile 2011 Drought tolerance, earliness, plantarchitecture Susceptible to leaf blight
Macia Macia 1998 Yield, grain color, wide adaptation Bird damage (highly preferred bybirds)
NS 5511 NS 5511 Yield, market demand Cost of seed is expensive
Groundnut
Natal
Common Kasawaira 1988 Earliness and drought tolerance
Susceptible to cercospora, web
blotch
Nyanda Nyanda 2000 Yield, drought tolerance Susceptible to ground rosette andcercospora
Jesa Jesa 1999 Yield Less preferred grain color
Ilanda Ilanda 2006 Grain color Susceptible to ground rosette andcercospora
Flamingo Flamingo 1982 Yield, confectionery use Susceptible to drought
Makulu Red Makulu Red Yield, confectionery use Susceptible to drought
Source: Seed Services Institute, Ministry of Agriculture, Mechanization, and Irrigation Development.
Still, the potential of crop breeding to improve the quantity and quality of crop residu-
als is huge [15,19], particularly in the Zimbabwean drylands where fodder is scarce. Assess-
ments of the potential of dual-purpose cultivars for enhancing feed supply show that they
can considerably increase feed quantity and quality to mitigate feed shortages [27]. Several
studies show that grain yield, disease resistance, and drought tolerance or early maturity
are the most important traits that farmers in Zimbabwe appreciate in their crops [30,34]. All
these traits matter, especially given the potential that [35] estimated that a one-percentage
unit increase in digestibility in sorghum and pearl millet stover would increase milk, meat,
and draught power from 6 to 8%. Unlocking such benefits in Zimbabwe would make
important contributions to more sustainable livelihoods for farmers.
Given the potential benefits of dual-purpose crops, breeding and testing for dual-
purpose cereals and legumes have attracted growing interest. Several ongoing dual-
purpose crop improvement efforts seek to optimize both grain yield and feed quantity in
many developing countries [15]. Nevertheless, for new varieties to succeed in Zimbabwe,
crop breeders must account for end-user and market trait preferences in developing vari-
eties. To this end, insights into farmers’ demand for specific varietal attributes are useful
for setting goals for crop improvement programs, optimizing limited resources in breeding
programs, and motivating farmers to adopt improved varieties.
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3. Methodology
3.1. Study Context, Sampling, and Data Collection
Data were collected from the Gwanda and Mangwe districts of the Matabeleland
South Province in Zimbabwe in 2019 (Figure 2). The districts were selected purposely
to reflect the wide range of ecological conditions of mixed crop–livestock systems. They
represent lowland semi-arid drylands of Zimbabwe, where fodder is relatively scarce with
high potential for dual-purpose varieties. The districts are similar in terms of agricul-
tural activities, agroecological development domains, market opportunities, and spatial
population distribution.
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Study households were selected from the two districts using a randomized three-stage
sampling design. First, four wards (municipalities) from Gwanda district and six wards
from Mangwe district were randomly chosen. Second, study villages were randomly
selected. With most of the wards having six villages, three villages were randomly se-
lected to represent study wards, resulting in 30 villages. Third, study households were
sampled from sampling frames of selected villages using a sampling approach of the
probability proportional to population distributions across the selected villages. Lists of
households for sampling frames were accessed from village extension agents and local ad-
ministrative offices, as appropriate. Following this procedure, 292 households in Gwanda
and 353 households in Mangwe were surveyed, bringing the total number of surveyed
households to 645.
Sustainability 2021, 13, 5678 6 of 20
A structured questionnaire was used to collect data from sampled households through
face-to-face interviews. The survey covered several detailed modules at the individual,
household, farm, and institutional levels. Individual characteristics include age, education,
and gender of the household head, while household characteristics cover household
size and assets. Farm characteristics include livestock and land use for different crops.
Institutional factors encompass access to markets, extension, and credit. Particularly,
detailed production information was collected on maize, sorghum, and groundnut.
We asked farmers whether they grow the target crops, over what area, and about their
motivation to grow the crops. Farmers were also asked to evaluate the importance of traits
of potential dual-purpose varieties of the crops on a simple four-point scale (not important,
less important, important, or very important). As there are no studies available on feed
traits of crops in the context of Zimbabwe, farmers were asked to rate the importance of
grain and field attributes that include yield, resistance to disease, drought tolerance, and
many feed quality and quantity attributes, such as biomass yield, stover yield, dry matter,
digestibility, and lignin content. Key issues in using multiple items to measure farmers’
preferences for dual-purpose crops are the validity and reliability of the different attributes.
A principal component analysis was run to assess the degree of validity and reliability of
the attributes.
3.2. Statistical Analysis
Detailed information on socioeconomic characteristics and farming systems of respon-
dents were collected. Collected quantitative and qualitative data were coded, cleaned, and
analyzed using the Stata software, version 16.1. Descriptive statistics were generated to
summarize the social survey data and to describe respondents. Data on ratings of farmers’
preferences for traits were categorical (1 = not important, 2 = less important, 3 = important,
4 = very important). Assuming that differences between scale values are meaningful,
ordinal categories can be viewed as interval numerical values [11,36]. Following this, we
employed a comparison of means with pairwise t-tests to make statistical inferences about
trait preference differences by gender and district.
We use binary probit and multinomial logit models to analyze how farmers’ trait
preferences and socioeconomic characteristics, respectively, affect their production of dual-
purpose crops and choice of varieties of maize, sorghum, and groundnut. As production of
dual-purpose crops is a binary choice outcome, the standard probit model is appropriate.
Similarly, the multinomial logit model was used to test whether trait preferences and other
factors affect farmers’ choice of varieties, because of the categorical nature of the dependent
variable, and the ease of estimation and interpretation of the coefficients [37]. Farmers
grew different varieties, and, as a result, the dependent variable is the choice between
three crop-variety categories: improved varieties; both improved and local varieties; local
varieties. The local variety category was used as the reference category for the multinomial
regressions. In both models, the independent variables included crop-specific attributes,
and individual, household, and institutional variables.
4. Results
4.1. Study Population and Farming Systems
Table 2 summarizes the respondents’ characteristics and presents information on
simple mean difference tests for distributions of variables by study districts. About 60% of
the respondents were males (Male), while the remaining 40% were female, suggesting a
reasonably good gender balance in our sample. We report the main results disaggregated
by gender throughout the article. The average respondent was about 57 years old (Age of
household head) and had seven years of completed schooling (Education level), equivalent
to an education level of primary school. This implies that extension and research service
providers or “change agents” need to use vernacular language when communicating
the nature and value of new agricultural technologies to these communities to promote
adoption. The average household had about six family members (Household size) and
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operated on about 2.4 hectares of cultivable land (Land size) with a livestock herd of
11 tropical livestock units (TLU). Tropical livestock unit is a common unit to quantify
various livestock species to a single figure to get the total amount of livestock owned
by a household. We employed a tropical livestock unit applicable for SSA. The annual
average per capita (farm and non-farm) income was Zimbabwean dollar (ZWD) 14,380
(Per capita income).














































































Source: Farmer survey. Standard deviation in parentheses; * p < 0.05; ** p < 0.01; *** p < 0.001.
As for institutional factors, a large proportion of the farming households (76%) re-
ceived extension services (Extension services), while only about 29% had credit access
during the 12 months prior to the survey (Credit access). About 46% of farmers were
members of a farmer group (Group membership). Farmers had relatively good access to
village markets, with a 5 km average distance to the nearest village market (Distance to
nearest village market). While farmers in Gwanda had better access to extension services
and greater likelihood of participating in farmer groups, farmers in Mangwe had better
credit access. Overall, the differences between male and female respondents were large
in Gwanda; there, farmers owned more land and livestock and were younger and more
educated than farmers in Mangwe District.
Farming systems in Gwanda and Mangwe are dominated by mixed crop–livestock
systems. Table 3 summaries the crop varieties farmers grew during the survey. As expected,
maize, sorghum, and groundnut are major crops in the study areas. Particularly, maize is
grown by many farmers (82%). Groundnut is the major legume crop in the study districts.
Other common crops grown in the study areas include pearl millet, cowpeas, and Bambara
Sustainability 2021, 13, 5678 8 of 20
nuts. Data from both districts showed that men and women participated equally in maize,
sorghum, and groundnut farming activities.




Male (n = 388) Female (n = 257) Gwanda (n = 292) Mangwe (n = 353)
Major crops
Maize 82 84 79 90 *** 76
Sorghum 72 71 73 69 74
Groundnuts 54 55 53 60 *** 50
Pearl millet 43 43 44 14 67 ***
Cowpeas 38 39 38 42 * 35
Bambara nuts 21 21 20 21 21
Livestock
Cattle 63 67 *** 56 58 67 **
Goat 93 94 91 99 *** 88
Sheep 14 15 11 12 15
Horse/Donkey 61 65 *** 54 74 *** 50
Chicken 92 93 91 95 ** 90
Source: Farmer survey. * p < 0.05; ** p < 0.01; *** p < 0.001.
Farmers in the study areas rear different types of livestock. Goat production is the
most widely practiced livestock farming, a nearly universal practice in the Zimbabwe
drylands. The level of external input and technology utilization in livestock production
is generally low. About 85 and 92% of the respondents raised indigenous cattle and
goat breeds, respectively. Farmers were also asked about the most important limiting
constraints for cattle and goat production in the districts. Lack of fodder was the most
limiting constraint for both cattle (67%) and goat (42%) production in the study areas.
Other livestock production constraints mentioned by respondents included water scarcity
and animal disease for cattle production (10% and 9% of the respondents, respectively).
Similarly, animal disease (26%), theft (13%), and water scarcity (9%) were mentioned as the
most important constraints for goat production.
Table 4 shows how integrated crop and livestock farming practices are in the study
areas. Most surveyed farmers (88%) used animal power to plow their land, with male
farmers and respondents from Gwanda more likely to use animal traction. About 63% of
the interviewed farmers applied manure to enhance soil fertility. Income from the sale of
live animals and livestock products accounted for about 16% of the total household income.
The contribution of livestock to household income was higher in Gwanda District. Similarly,
the crop sector contributed to household food, income, and livestock feed. Eighty-two
percent of farmers grazed and/or fed their livestock on crop residues.
We interviewed farmers about their livestock feeding practices and feeding composi-
tion. The primary livestock feed source is grazing rangelands, followed by crop residues
(Table 4). Maize, sorghum, and groundnut residues are the most important crop residues in
the two districts. About a quarter of the respondents purchased commercial concentrate for
livestock feed. The study districts differed in livestock feeding on commercial concentrate;
this being more intensive in Gwanda where nearly one third of farmers fed livestock on
commercial concentrate. Dry fodder was a relevant livestock feed source for about 20%
of the respondents. Generally, a small proportion of farmers fed their livestock on green
fodder and home-made concentrate in the two districts.
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Table 4. Crop–livestock integration, and livestock feeding and marketing in the study districts.










Panel A: Crop–livestock integration
Animal plow (% of farmers) 88 90 ** 84 96 *** 81
Manure use (% of farmers) 63 65 60 66 * 60
Share of livestock income
from the total income 16.32 16.98 15.30 23.86 *** 10.07
Grazing and/or feeding crop
residue (% of farmers) 82 84 ** 78 83 81
Panel B: Livestock feeding (% of farmers)
Grazing rangelands 91 92 89 88 93 **
Grazing crop residues 57 60 * 53 56 58
Feeding crop residues 57 60 * 52 63 *** 52
Feeding dry fodder 20 21 17 23 ** 16
Feeding green fodder 7 9 ** 5 11 *** 4
Commercial concentrate 24 26 * 20 30 *** 18
Home-made concentrate 8 8 8 8 8
Mucuna and/or sunhemp 5 5 4 8 *** 2
Panel C: Livestock marketing (% of farmers who sell)
Cattle 19 21 16 23 ** 16
Goats 34 38 *** 28 58 *** 15
Milk 1.00 1.00 0.00 1.00 0.00
Processed feed 1.00 1.00 * 0.00 1.00 1.00
Source: Farmer survey. * p < 0.05; ** p < 0.01; *** p < 0.001.
Finally, interviewed farmers participated in livestock marketing. The proportion of
farmers who sold livestock was higher in Gwanda than in Mangwe (Table 4). Sales of
goats were more frequent than that of cattle. More farmers sold goats in Gwanda (58%)
than in Mangwe (15%). Generally, milk and processed feed sales are not good sources
of income in the study areas. Farmers were asked about the constraints they faced in
livestock marketing. Low and fluctuating market price and exploitation by middlemen
were the most limiting constraints, followed by market information-related challenges
(e.g., difficulty in reaching potential buyers and lack of grade and price information) and
poor market access.
4.2. Importance of Maize, Sorghum, and Groundnut in Mixed Farming Systems
The three crops, particularly maize, are grown by a large portion of smallholder
farmers in the study districts (Table 5). These crops are frequently grown in every main
season by a great majority of farmers. Almost all growers of the crops reported growing
them every year. Another important indicator of the importance of the crops in farmers’
livelihood is the proportion of land allocated to the crops. The intensity of land was
measured as the percentage of total cropped land allocated towards the specific crop
during the season. Altogether, maize, sorghum, and groundnut accounted, on average,
for 75% of a households’ land. Particularly, the proportion of land area allocated to maize
and sorghum cultivation was highest, accounting for about 60% of the household land.
Generally, there were no gender and district differences in the proportion of household
land allocated to the crops. However, the area under all crops was higher in Gwanda than
in Mangwe.
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Table 5. Importance of maize, sorghum, and groundnut by gender and district among growing farmers.
Variable Pooled Data
Gender District
Male Female Gwanda Mangwe
Maize n = 531 n = 327 n = 204 n = 264 n = 267
Growing the crop every year (%) 97.36 98.47 ** 95.59 95.83 98.88 **
Area of land allocated (ha) 0.71 0.73 0.68 0.82 *** 0.61
Proportion of household land
allocated (%) 29 29 29 31 27
Main purpose of grain (% of total
production)
Household consumption (%) 67 81 *** 45 77 *** 60
Animal feed (%) 4 0 11 *** 0 8 ***
Saved for seed (%) 2 3 1 3* 1
Sale (%) 24 14 40 *** 16 30 ***
Gifts, barter, and other (%) 2 2 2 3 * 1
Sorghum n = 463 n = 275 n = 188 n = 201 n = 262
Growing the crop every year (%) 98.70 99.64 ** 97.34 98.01 99.24
Area of land allocated (ha) 0.80 0.81 0.79 0.95 *** 0.69
Proportion of household land
allocated (%) 32 31 33 35 30
Main purpose of grain (% of total
production)
Household consumption (%) 87 86 89 86 88
Animal feed (%) 1 1 1 1 1
Saved for seed (%) 7 7 6 6 8
Sale (%) 1 1 0 1 0
Gifts, barter, and other (%) 0 0 0 0 0
Groundnut n = 350 n = 215 n = 135 n = 175 n = 175
Growing the crop every year (%) 96.57 95.81 97.78 94.86 98.29 *
Area of land allocated (ha) 0.36 0.40 ** 0.36 0.42 ** 0.30
Proportion of household land
allocated (%) 14 16 12 15 13
Main purpose of grain (% of total
production)
Household consumption (%) 65 65 69 67 62
Animal feed (%) 0 0 0 0 0
Saved for seed (%) 10 9 17 ** 10 9
Sale (%) 18 19 13 14 29 ***
Gifts, barter, and other (%) 7 8* 3 9 *** 0
Source: Farmer survey. * p < 0.05; ** p < 0.01; *** p < 0.001.
The purposes of the grains of the crops were also assessed in the survey. The pri-
mary motivation of farmers for growing these crops was grain. The grains of all crops
were used primarily for household consumption. Specifically, sorghum grains were used
almost entirely for home consumption and seed. Grain sales were ranked as the sec-
ond most important use for maize (24%) and groundnuts (18%). Overall, grains were
rarely used for animal feed, though most farmers reported using crop residues for animal
feed (Table 5). While more male respondents reported using maize grains for consump-
tion, female respondents were more likely to sell and use maize grains for animal feed.
Other major motivations for growing the crops were fodder, crop rotation, and soil and
climate suitability.
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4.3. Farmers’ Preferences for Dual-Purpose Crop Traits
We assessed the validity and reliability of the attributes using a principal component
analysis. The results of the principal component analysis are shown in Table 6. Grain
and field attributes and feed attributes measure distinct preferences for dual-purpose
varieties. Consistently, grain and field attributes and feed attributes load onto different
components. Furthermore, all attributes of a specific group load onto the same component—
feed attributes on component 1 and grain and field attributes on component 2—for all
crops. This supports the validity that all the attributes of a specific group reflect the
same underlying construct, which maximizes the internal reliability and facilitates the
interpretation of the scores of the attributes. The weights of individual attributes on the
respective components are also reasonably high. Overall, the average of attribute weights
on a given component is about 0.8, supporting the internal consistency of that specific
group’s attributes.
Table 6. Principal component analysis results.
Attributes
Maize Sorghum Groundnuts
Comp. 1 Comp. 2 Comp. 1 Comp. 2 Comp. 1 Comp. 2
Grain yield 0.090 0.867 0.117 0.810 0.103 0.817
Disease
resistance 0.401 0.492 0.401 0.522 0.248 0.730
Drought
tolerance 0.066 0.854 0.076 0.817 0.196 0.754
Stover yield 0.836 0.099 0.835 0.154 0.837 0.199
Dry matter 0.792 0.089 0.817 0.170 0.826 0.139
Stay green 0.802 0.055 0.817 0.111 0.755 0.243
Low lignin 0.825 0.136 0.804 0.238 0.822 0.218
Digestibility 0.778 0.214 0.734 0.362 0.779 0.304
Biomass yield 0.671 0.031 0.731 0.053 0.698 0.079
Source: Author’s analysis based on farmer survey data. Bolded coefficients indicate preferred factor loadings.
Farmers were asked to rate the importance of the different traits when selecting the
three crops for growing for dual-purpose (Table 7). Farmers considered a wide range
of attributes when selecting a variety for dual-purpose. In the field and grain attributes,
yield is the most important trait for all three crops, with a score of 3.78 for sorghum, 3.82
for groundnut, and 3.91 for maize out of 4. For maize and sorghum, male respondents
and respondents from Mangwe tended to emphasize yield more importance than female
respondents and respondents from Gwanda. Similarly, drought tolerance and resistance to
disease were highly valued attributes for farmers, both of which generally received scores
above 3.5 out of 4 across both genders and districts. Male respondents valued drought
tolerance and resistance to disease more than female respondents for maize. Overall,
there are no noticeable differences between grain and field traits of groundnut by gender
and district.
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Table 7. Importance of traits of maize, sorghum, and groundnut for dual-purpose by gender and district (average farmer














Grain and field attributes
Grain yield 3.91 3.93 ** 3.88 3.88 3.94 **
Drought tolerance 3.76 3.80 *** 3.70 3.73 3.78
Disease resistance 3.67 3.71 * 3.62 3.67 3.68
Feed attributes
Biomass yield 2.98 2.99 2.95 2.87 3.07 ***
Digestibility 3.02 3.05 2.97 2.86 3.15 ***
Low lignin 2.92 2.99 ** 2.82 2.80 3.02 ***
Stay green 2.90 2.95 * 2.82 2.84 2.94
Stover yield 3.16 3.19 3.11 3.12 3.19
Dry matter 2.97 2.98 2.96 2.75 3.16 ***
Sorghum
Grain and field attributes
Grain yield 3.78 3.79 *** 3.77 3.72 3.84 ***
Drought tolerance 3.70 3.67 3.74 3.67 3.71
Disease resistance 3.64 3.64 3.62 3.61 3.66
Feed attributes
Biomass yield 2.93 2.96 2.89 2.80 3.05 ***
Digestibility 3.02 3.08 ** 2.94 2.85 3.16 ***
Low lignin 2.89 2.93 2.82 2.77 2.99 ***
Stay green 2.84 2.88 2.79 2.79 2.89
Stover yield 3.16 3.19 3.11 3.10 3.20
Dry matter 2.97 2.99 2.93 2.73 3.16 ***
Groundnut
Grain and field attributes
Grain yield 3.80 3.82 3.77 3.79 3.81
Drought tolerance 3.70 3.69 3.72 3.67 3.73
Disease resistance 3.62 3.60 3.64 3.58 3.65
Feed attributes
Biomass yield 3.00 3.00 3.01 2.82 3.15 ***
Digestibility 3.59 3.68 ** 3.44 3.46 3.69 **
Low lignin 2.98 2.99 2.96 2.85 3.09 ***
Stay green 2.93 2.95 2.90 2.90 2.95
Stover yield 3.08 3.07 3.08 3.02 3.12
Dry matter 2.97 2.96 2.98 2.76 3.14 ***
Source: Farmer survey. * p < 0.05; ** p < 0.01; *** p < 0.001.
Similarly, farmers showed high interest in many feed attributes. Stover yield and
digestibility are the first group of most important attributes, with scores from 3.02 to
3.59. The next most important group of feeding attributes consists of biomass yield, low
lignin, stay green, and dry matter, all of which received scores of 2.9 to 3.0 across all crops.
For feed attributes, there were only slight differences by gender of respondents. Male
respondents placed higher importance on stay green and low lignin attributes of maize and
digestibility of stover for sorghum and groundnut than did female respondents. However,
there were major differences in the importance of many feed attributes by district. Overall,
respondents in Mangwe placed higher importance on many feed attributes across the
three crops.
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4.4. Trait Preferences and Adoption of Dual-Purpose Crops and Varieties
Table 8 reports adoption levels of improved varieties of target crops by smallholder
farmers. Improved maize varieties are by far most widely adopted (87%). The adoption
rates of maize varieties are compatible with many improved varieties of the crop. Amongst
many African developing countries, Zimbabwe has one of the highest adoption rates of
hybrid maize varieties. Previous studies have revealed that adoption rates of improved
maize varieties in Zimbabwe are generally above 80% [30]. At the same time, a great
majority of farmers are growing local varieties of sorghum (67%) and groundnut (73%).
Furthermore, 82% of the farmers reported growing cereals and legumes (not limited to
maize, sorghum, and groundnut) for dual-purpose, although this was mostly considering
the crop residual or stover yield potential of crops.
Table 8. Adoption levels of improved varieties among growers of target crops (percentage of growing respondents) in
Gwanda and Mangwe districts.
Varieties Pooled Data
Gender District
Male Female Gwanda Mangwe
Maize n = 531 n = 327 n = 204 n = 264 n = 267
Local 11.68 12.84 9.80 15.15 ** 8.24
Improved 86.82 85.32 89.22 83.33 90.26 **
Both 1.51 1.83 0.98 1.52 1.50
Sorghum n = 463 n = 275 n = 188 n = 201 n = 262
Local 67.39 65.82 69.68 67.16 67.56
Improved 31.53 33.82 28.19 31.84 31.30
Both 1.08 0.36 2.13 * 1.00 1.15
Groundnut n = 350 n = 215 n = 135 n = 175 n = 175
Local 72.57 73.95 70.37 68.57 76.57 *
Improved 27.14 25.58 29.63 30.86 23.43
Both 0.29 0.47 0.00 0.57 0.00
Source: Farmer survey. * p < 0.05; ** p < 0.01.
We used choice models to explore how farmers’ preferences for specific traits are
associated with production of dual-purpose crops and adopting improved varieties of
maize, sorghum, and groundnut. Table 9 reports results estimated using a probit model
to analyze determinants of the likelihood of producing dual-purpose crops. The results
indicate that different farmers’ preferences for traits across the three crops are positively
and significantly associated with a household’s likelihood of producing crops for dual-
purpose. Specifically, farmers who valued feed attributes of stover yield, biomass, and
stay green traits important in their choice of varieties were more likely to grow dual-
purpose crops. Maize and groundnut farmers who reported drought tolerance an important
attribute were also more likely to grow dual-purpose crops. However, grain yield is
significantly and negatively correlated with the likelihood of producing dual-purpose crops
by maize farmers, perhaps suggesting the possibility of trade-offs between grain and feed
attributes in dual-purpose varieties. Table 9 also shows that socioeconomic characteristics
of farmers affect their likelihood of producing dual-purpose crops. As expected, farmers
who owned more livestock and who fed their livestock on residue were more likely to
grow dual-purpose varieties. The likelihood of producing dual-purpose crops increases
with household size, fertilizer application, and credit access, but decreases with distance to
market and off-farm income opportunities.
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Table 9. Factors affecting farmers’ production of dual-purpose crops (local, improved) in Zimbabwe (probit model).
Maize Sorghum Groundnut



















































































































Observations 645 645 645
Prob > chi2 0.000 0.000 0.000
Pseudo R2 0.176 0.202 0.186
Standard errors in parentheses. * p < 0.05; ** p < 0.01; *** p < 0.001.
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Similarly, a multinomial logit model was estimated to identify factors influencing
adoption of improved varieties of maize, sorghum, and groundnut among farming house-
holds. Crop farmers were faced with three discrete choices of growing only improved
varieties, growing both improved and local varieties, or growing only local varieties, the
base category in the regression (Table 10). The results reveal that farmers’ preferences
for certain traits are significantly associated with adopting improved varieties of maize,
sorghum, and groundnut. Specifically, grain yield and drought tolerance are important
grain and field traits that are positively and significantly associated with the probability of
adopting improved varieties of the crops. The results also indicate that improved varieties
that score well on such feed characteristics as biomass and stover yield could have a higher
probability of being adopted. However, sorghum farmers who valued low lignin important
in their variety choices were less likely to adopt improved varieties of the crop. Table 10
also shows that certain socioeconomic characteristics of farmers are important determinants
of adoption of improved varieties of the crops. A farmer’s likelihood of growing improved
varieties increases with extension services and fertilizer application, probably indicating
the importance of rural services and complementarity of other technologies to improve
farmers’ adoption of improved varieties. The probability of growing improved maize
varieties increases with age, credit access, and education levels. The likelihood of adopting
maize and improved sorghum varieties also increases with household size. However,
households who were headed by a male and whose main occupation was farming were
less likely to adopt improved varieties.
Table 10. Factors driving the choice of crop varieties in Zimbabwe (multinomial logit model).
Maize Varieties Sorghum Varieties Groundnut Varieties
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Table 10. Cont.
Maize Varieties Sorghum Varieties Groundnut Varieties






























































































































Observations 531 463 350
Prob > chi2 0.002 0.000 0.061
Pseudo R2 0.161 0.192 0.140
Standard errors in parentheses. * p < 0.05; ** p < 0.01; *** p < 0.001.
5. Discussions
Our results confirm that mixed crop–livestock systems are the dominant farming
systems in the drylands of Zimbabwe. Lack of adequate fodder was the most limiting
constraint for livestock production in the study districts, as has already been reported
elsewhere [10,26]. Maize, sorghum, and groundnut constitute the key crops in these
systems, combinedly accounting for more than 75% of households’ farming lands. There
are, however, substantial differences in the intensification of the cropping systems of the
three crops. Many farmers grow improved varieties of maize, but local varieties of sorghum
and groundnut. These crops are grown primarily for consumption; only small proportions
of maize and groundnut grains are marketed. Crop residuals are significant feed sources in
the study districts, after natural rangeland grazing.
Farmers value a wide range of traits of dual-purpose crops. Overall, yield and field
characteristics, such as yield, drought tolerance, and disease resistance, were highly rated
in importance. Particularly, yield was the most important attribute across all three crops.
Farmers also appreciate several feed quality and quantity attributes of dual-purpose crops.
Stover yield and digestibility came first in this group of attributes and were important
for all crops. Farmers also found biomass yield, low lignin, stay green, and dry matter to
be important feed attributes. Generally, the results reveal a potentially high demand for
dual-purpose varieties in mixed crop–livestock systems of the study areas.
As varieties bred explicitly for dual-purpose were not yet readily available for adop-
tion in the study districts of Zimbabwe, elicitation of the different traits and their impor-
tance was done independently of consideration of specific varieties. Therefore, the farmers’
preferences should be interpreted as a potential demand for dual-purpose varieties rather
Sustainability 2021, 13, 5678 17 of 20
than the evaluation of demand for specific varieties [11]. Preferences for many feed traits
were strongly correlated with the likelihood of growing dual-purpose crops. Specifically,
stover yield, biomass, and stay green traits were positively and significantly associated
with farmers’ likelihood of growing dual-purpose crops. Maize and groundnut farmers
who reported drought tolerance as an important attribute were also more likely to grow
dual-purpose crops. However, grain yield is significantly and negatively correlated with
the likelihood of producing dual-purpose crops by maize farmers, perhaps suggesting
potential trade-offs between grain and field attributes and feed attributes in dual-purpose
varieties. As expected, livestock ownership and feeding livestock on residues increased the
probability of growing dual-purpose varieties. The likelihood of producing dual-purpose
crops increases with household size, fertilizer application, and credit access, but decreases
with distance to market and off-farm income opportunities.
Stated trait preferences were significantly correlated with adoption of improved vari-
eties of maize, sorghum, and groundnut, and production of dual-purpose crops. Mainly,
grain and field traits such as yield and drought tolerance are strongly correlated with the
adoption of improved varieties. The results also indicate that good biomass and stover
quality could improve the likelihood of adoption of improved varieties. The likelihood of
growing improved varieties increases with farmers’ access to extension services and fertil-
izer application, probably indicating the importance of rural services and complementarity
of other technologies to improve farmers’ adoption of improved varieties. The probability
of growing maize improved varieties increases with age, credit access, and education levels.
This might be an indication that these factors increase opportunities for maize farmers.
The likelihood of adopting maize and sorghum improved varieties also increases with
household size. However, male-headed households and households engaged in farming as
their main occupation were less likely to adopt improved varieties.
These findings matter because they could explain the low adoption rates of high-yield
varieties, particularly of sorghum and groundnuts, in Zimbabwe over the last several
decades. This is critical because varieties promoted only based on their improved agro-
nomic traits often face adoption challenges [38,39]. Despite the large number of varieties
released, the velocity of varietal change is found to be low in the three target crops. Some
old varieties are still remarkably widely grown in the face of many new varieties being
released. The average age of the widely grown varieties of the three crops is effectively
greater than 10 (Table 1). This would limit the realization of high rates of genetic gains
generated by breeding programs in staple crops. Rapid varietal replacement is needed to
avoid yield losses due to the evolution of pests and diseases in the face of climate change
and frequent shocks in drylands.
More analysis is needed to understand the causes of the robustness of old varieties,
while newly released varieties remain on the shelf. Several hypotheses may equally be
at work here. First, improved varieties might not have met the preferences of farmers
and other value chain stakeholders. Second, there is a lack of robust data to support the
commercialization decisions of seed enterprises who would ensure sustained availabil-
ity/access to planting material. Third, there may be limited awareness of the existence
of improved varieties as private sector stakeholders have not invested in promotion and
marketing of such varieties well. Fourth, the seed systems may be ill-equipped to respond
to the demand for seed of improved varieties. There is tentative evidence that formal and
informal seed markets can partially explain the lack of diffusion of dual-purpose crops in
rural Zimbabwe. While the maize seed market in Zimbabwe is well developed, farmers
still have poor access to good quality seed of improved sorghum and groundnuts preferred
by farmers and grain markets [40]. Formal seed markets are also reluctant to handle seeds
of these crops due to thin profit margins.
Alternatively, recent research might have not always succeeded in producing varieties
bundling farmers’ preferences for different traits. Perhaps efforts promoting improved
varieties are likely to be successful if they package information on different attributes of
new varieties rather than focusing solely on usual agronomic traits. Our findings resonate
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with similar studies elsewhere, for instance, the authors of [11], who report that stover
quantity and quality are important criteria in farmers’ assessment of maize cultivars in
crop–livestock farming systems in Ethiopia and Tanzania. Other studies point out that
farmers’ interests in adopting and using improved varieties of grain crops reflect their trait
valuations and preferences [34,41,42].
Finally, more research is needed in this area before making more general statements of
findings, like ours. While farmers express interest in many feed quantity and quality at-
tributes, they might not accept dual-purpose varieties that compromise on other attributes,
particularly yield. Though some evidence elsewhere has suggested that biomass and yield
goals of improved varieties may not necessarily be in conflict [43], there is a need for more
research on potential trade-offs between feed attributes and other attributes, including
grain and field attributes, consumer (e.g., taste) and market (e.g., seed and grain price)
attributes, in dual-purpose varieties. Specifically, further research is needed to explore
acceptable thresholds in these trade-offs, particularly with traits that farmers appreciate
most so that farmers remain interested in adopting the improved varieties. Finally, new
varieties must fit smallholder farming systems, including the biophysical conditions, such
as climate and soil [44]. Thus, for new varieties to succeed, crop improvement programs
must understand the farmers’ needs adapted to their farming systems [39].
6. Conclusions
The results of this study indicate that mixed crop–livestock systems are the dominant
farming systems in the study districts. Maize, sorghum, and groundnut are the major crops,
accounting for more than 75% of households’ cropping lands. Farmers generally grow
improved maize varieties, but largely local varieties of sorghum and groundnut. Lack
of adequate feed was the most limiting constraint for livestock production in the study
districts. Yield, drought tolerance, and disease resistance were highly rated in importance
in farmers’ choice of varieties. Farmers also considered feed quality and quantity attributes
important in their choice of dual-purpose varieties. Stover yield and digestibility, along
with biomass yield, stay green, and dry matter, were found to be important feed attributes
for farmers. This suggests that there is a potentially high demand for dual-purpose
crops. Farmers’ stated preferences for (some) yield and feed attributes were significantly
correlated with the likelihood of production of dual-purpose crops and growing improved
varieties, but the degree of correlations varied across crops.
Our study results have important implications for breeding, targeting, and develop-
ment of dual-purpose varieties of the target crops in Zimbabwe. We show that farmers
are interested in varieties with high grain yield, disease-resistance, drought-tolerance, and
enhanced feed quality and quantity. To shorten the average age of dominant varieties for
all crops and realize genetic gains, breeding programs must match farmers’ preferences
and trait needs. Specifically, trade-offs between preferred traits must be addressed. Fi-
nally, our results suggest that dual-purpose varieties should not compromise grain and
field attributes that farmers usually consider important. This is critical to ensure the
adoption of improved dual-purpose cultivars at scale for greater impact in developing
countries. Overall, our results are insightful for crop improvement teams to define and
refine customer-oriented and market-driven product profiles for breeding programs.
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